Background
Introduction
Nonverbal behavior is crucial in human communication, given its phylogenetic and ontogenetic primacy [1, 2] . Common understanding, empathy, and agreement are largely expressed nonverbally via interpersonal adaptation [3] and coordination. This interactional synchrony, the coordination between two interactants' movements, based on imitation of dynamic aspects of nonverbal behavior, was first described by Condon and Ogston [4] with regard to its importance in normal and pathological behavior patterns. Its importance is evident early in life [5] and a large body of research has confirmed the importance of imitation in social interactions and identified various psychological moderators of imitation [6, 7] . In accordance with this research, the term imitation (or "behavioral mimicry") should not be restricted to deliberate behavior. Rather, the spontaneous, automatic imitation of not only gestures, postures, and mannerisms but also the dynamics of movement, has to be considered pervasive in human interaction [6] . Imitation has a neuroanatomical correlate in the brain. Mirror neurons, first discovered in macaque primates [8, 9] , have inspired numerous studies on imitation in nonhuman primates and humans [10, 11] . This has ultimately resulted in a body of evidence regarding humans, associating neurobiological structures with empathy, theory of mind, autism, and schizophrenia [12, 13] . The study of movement in schizophrenia can open new avenues for translational research [14] [15] [16] [17] [18] .
Nonverbal synchrony may be markedly reduced in interactions involving persons with schizophrenia, in which impaired communication and social functioning are prominent problems [19] [20] [21] [22] [23] . Communication problems in schizophrenia have been examined via approaches focusing on social cognition [24] , including neurophysiological models aimed at clarifying the putative interactions between positive and negative symptoms, social cognition, and brain mechanisms [25] . On a clinical level, psychotic symptoms, such as pronounced thought disorders, can have obvious disturbing effects on verbal and nonverbal behavior. However, there are more subtle alterations in communication, which have been known to experienced practitioners for some time [26] . The subtle, yet obvious, lack of synchrony in verbal and nonverbal interactive behaviors may be the key to clinicians' intuitive experience of a "praecox feeling" [27] owing to the presence of schizophrenia in patients. In addition, these communicative problems appear related to the "clinical core of schizophrenia" in terms of the European tradition of psychiatry [28] . In this view, psychotic symptoms themselves were seen as secondary and state-related, whereas expressions of fundamental "core" disorders were seen as traits. These core disorders were described using various terms, particularly "schizophrenic autism" [29] . Autistic traits are described in many clinical manifestations, including a lack of communication and attunement to patients' social environments. Many of the features previously seen as being part of the clinical core of schizophrenia are no longer part of the present operational definitions of schizophrenia in the DSM-5 or ICD-10 [28] . Consequently, lack of synchrony in social interaction may not only be an important feature of social functioning in schizophrenia but could also provide a clinically accessible indicator of a possible key feature of the disorder.
Many studies have found indicators of persistent problems of nonverbal communication in patients with schizophrenia, such as reduced facial expression [30] [31] [32] [33] . Their deficits in social skills have been analyzed using observer-based rating scales [17, 34] , and more recently, with objective measures of movement [21, 22, [35] [36] [37] [38] . Nonverbal behavior in patients with schizophrenia can be assessed objectively using ordinary video recordings. The objectively assessed amount of movement observed in patients with schizophrenia during social interaction can be closely related to the symptom profiles of these patients [35] . A recent review [37] found a reduction in patients' nonverbal behaviors, specifically those related to inviting interaction with others, which was associated with poorer social adjustment. This reduction was most prominent in patients with negative symptoms. However, positive symptoms were associated with an increase in nonverbal behaviors.
Due to lacking technology, the symptoms and behavioral signs of schizophrenia were commonly assessed via clinical judgment or expert ratings [18, 37] . Developments in high-end multimedia equipment, together with advances in computing speed and analysis strategies, have facilitated computer-based, automated quantification of movement and the creation of novel methods for analyzing nonverbal communication. One such innovative method is Motion Energy Analysis (MEA) [35] [39] [40] [41] [42] . MEA utilizes digitized movies and is based on framedifferencing algorithms [43] [44] [45] [46] . Successive frames (pictures) of a digitized movie are analyzed to determine the degree of change from one frame to the next in predefined regions of interest. In psychological research, frame-differencing methods were initially implemented in the analysis of courtship behavior [44] , and MEA has since been adapted to analyze psychotherapy sessions [39] [40] [41] and student interactions [47, 48] . We previously applied MEA to the videotaped role-play interactions of 27 stabilized outpatients with paranoid schizophrenia [35] . Movement parameters (percentage of time in movement and movement speed) were correlated with symptom ratings from independent PANSS interviews and proved to be highly reliable. Reduced movement and movement speed correlated with negative symptoms. Patients with negative symptoms differed from normal interactants by showing significantly reduced head and body movement. A close and theoretically meaningful association was found between the objective movement parameters and symptom profiles. In this previous report, only measures of patients' movement were considered.
Studies using objective quantitative measurements of nonverbal behavior in patients with schizophrenia are still scarce [37] . Very few have quantitatively examined nonverbal synchrony in social interaction. Many studies utilized ethological coding for the assessment of nonverbal coordination [49] [50] [51] [52] , while more recent approaches relied on computer-based measures [36] . Lavelle examined interpersonal coordination in a triadic setting involving one patient with schizophrenia and two healthy interactants; results showed an initially lower coordination between patients and healthy participants, and lower nonverbal synchrony was associated with lower rapport [53] . A number of studies have evaluated more laboratory-based forms of intentional and unintentional motor-coordination using e.g. hand-held pendulums operated by schizophrenia patients or unaffected relatives and control participants [22, 54] .
Our main goal was to explore the importance of nonverbal synchrony in schizophrenia, using quantitative measurement technology. This report is based on video recordings involving 27 patients with paranoid schizophrenia mentioned above [35] . In our previous report, the analysis was restricted to the amount of patients' movement (percentage of movement above an objective threshold); in the current study, we analyzed the movement time-series of both patients and interactants to calculate each dyad's nonverbal synchrony. We hypothesized that the degree of nonverbal synchrony between patients and interactants is associated with patients' symptom factor scores, cognitive variables, and social functioning. We additionally explored the specific relationships between nonverbal synchrony and individual symptoms. To examine the specificity of these relationships, we tested the association of nonverbal synchrony with symptoms, cognitive variables, and social functioning while correcting for the raw amount of patients' movement.
Methods Participants
In the present study, nonverbal synchrony was assessed objectively using MEA in 378 brief, videotaped role-play scenes involving 27 stabilized outpatients diagnosed with paranoid-type schizophrenia. Seven participants were female. All patients were clinically stabilized, and none suffered from further severe medical or neurological disease. Patients generally showed moderate to low levels of psychopathology, as assessed on the Positive and Negative Syndrome Scale (PANSS) [55] . Patients' mean score on the Global Assessment of Functioning scale (GAF, Axis V in DSM-IV) was 44.7 (SD = 4.3), indicating that they were seriously impaired in global levels of personal and social functioning. All patients provided written informed consent to participate in the research procedures. The assessment procedures are described below.
Measures
PANSS factors, according to the model of Lindenmayer et al. [56] , were used and included five symptom factors: positive, excitement, cognitive, negative, and depression. Role-play tests (RPT) are psychometrically sound and valid instruments to measure social competence in schizophrenia [57] . The particular RPT used in this study [58] was the German adaptation of an RPT developed by Bellack et al. [59] . It consisted of 14 social scenes representing three response domains: initiating conversations, resisting unfair treatment, and expressing appreciation. Staff members working at a rehabilitation unit and research assistants served as interactants in the role-play interactions. Problems with specific domains of social functioning were assessed using the Disability Assessment Schedule-Mannheim version (DAS-M) [60] . Cognitive measures included the German version of the Wechsler Adult Intelligence Scale (WAIS) [61] , the Frankfurt Self-Concept Scales (FSKN) [62] , and the Coping with Stress Questionnaire (SVF) [63] .
Video-Based Quantification of Nonverbal Behavior
Role-play scenes were recorded in VHS format using a fixed camera. Individual role-play scenes had a median duration of 52 seconds. A total of 378 movie sequences resulted from recordings of 27 patients in 14 scenes of the RPT. Digital conversion of VHS tapes was conducted at 15 frames per second with an analogue-to-digital converter. MEA [41, 42] is based on a frame-differencing algorithm, which quantifies the amount of change from one movie frame to the next. Given the fixed camera position and lack of movement within the range of the camera, there is no difference between consecutive frames. However, when a person or an object moves, motion energy may be defined as the amount of change observed from one frame to the next. This kind of objective quantification may be performed on the entire image or on selected parts thereof. Predefined regions of interest (ROI), for example, a region including a seated person's head, may be chosen freely. For the assessment of patient movement in role-play scenes, two ROIs were defined. They pertained to the patient's head (without the neck) and the upper body (from the base of the chair up to the shoulders), as seen in Fig 1 . in grayscale values were detected and recorded separately as numerical streams of data, generating four continuous time-series measuring the amount of movement in the head and body regions, as shown in panel B. The measurement procedures were repeated for each subject in all 378 role-play scenes. In our previous report [35] , we were able to establish the reliability of the measurements and reported that movement was not negatively related to neuroleptic medication or the intake of illicit drugs, particularly marihuana. We restricted our subsequent analysis to the head regions, because previous research has shown these regions to be related more closely to symptom profiles [35] .
Quantification of Nonverbal Synchrony
The quantification of movement synchrony corresponded to the procedures outlined by Ramseyer et al. [41] . We quantified nonverbal synchrony for all 378 role-play interactions (14 roleplay interactions for each of the 27 patients). The term "head synchrony" is used in the remainder of this article to indicate our measure of movement synchrony between patients' and interactants' head movements. The time-series of motion energy for both patient and interactant were cross-correlated [64, 65] in consecutive windows corresponding to the length of each of the 14 interactions. Cross-correlations for positive and negative time-lags up to 5 s in steps of 0.067 s were computed for each interaction-window by step-wise shifting one time-series in relation to the other (75 steps, corresponding to 5 s, in each direction of positive and negative lags). Cross-correlations were then standardized (Fisher's Z) and their absolute values were aggregated over each of the 14 role-play interactions. Each role-play dyad was therefore characterized by a synchrony score, which was indicative of the average level of coordination between patients' and interactants' head movements during the role-play test. The median value for head synchrony across all 14 role-play interactions, his or her global synchrony score, was used for each patient. Median synchrony scores, rather than mean values, were used to prevent a possible bias resulting from erratic scores in interactions with no or very few movement in either of the two interactants. Nevertheless, median and mean synchrony scores were highly correlated (r = 0.86, n = 27). For the resulting median global synchrony measure, skewness (v = 0.254) and kurtosis (w = 0.347) did not suggest a departure from a normal distribution. In addition to this global synchrony measure, we were interested in the direction of synchrony-targeting the question who of the interactants moves first and therefore appears to set the timing for the interaction partner [66, 67] . This facet of nonverbal coordination has previously been called "pacing" and "leading" [41] because it takes into account whether a specific interactant's behavior occurred first (= leading / the person is being imitated), or whether this interactant imitated the other person (= pacing / imitating). Using the same time-lagged crosscorrelations described above, we chose the patient as the point of reference for this distinction, and identified how much the patient imitated the interactant (imitation) by a lag of up to -5 s and how much the patient was imitated by the interactant (being imitated) by a lag of up to +5 s. Therefore, nonverbal synchrony was calculated as I) a global value, comprising all available cross-correlations of ±5 seconds (N = 151 cross-correlations, including the lag of zero) and II) a subscore indicating how much each patient imitated the interaction partner (n = 75 cross-correlations), and III) a subscore indicating how much the patient was imitated by the interaction partner (n = 75 cross-correlations).
Control for spurious correlations: effect-size of nonverbal synchrony
A long-standing criticism of previous work on nonverbal synchrony was the lack of a statistical control for so-called pseudosynchrony-synchrony that is caused by random coincidence [68] . In line with previous solutions to this problem [69, 70] , we generated surrogate datasets (N = 100) by segment-wise shuffling of the original data, so that all movement segments of the patient were dislocated randomly with respect to segments of the interactant. Pseudosynchrony-the synchrony obtained in shuffled datasets-was calculated identically to the genuine synchrony of the original data. For the comparison of nonverbal synchrony versus pseudosynchrony, effect sizes (Cohen's d), based on the mean value of 100 shuffled surrogate data, were computed [70] . The pseudointeractions generated by this bootstrap procedure thus provided a base-level of pseudosynchrony, with which the genuine synchrony of interactions could be compared. Such a contrast yielded an estimate of the size of the synchrony effect, and it also allowed the comparison of effect-sizes across different interaction settings and dyads.
Data Analysis
Descriptive data for all measures are given in Table 1 . For the main analysis, median scores for head synchrony for each patient were correlated with PANSS factors, individual PANSS symptoms, social skills ratings for the role-play scenes, and cognitive variables (Pearson's correlation). An additional correlation analysis, partialing out the influence of the amount of movement, was used to test the independent contributions of head synchrony in predicting negative symptoms. Finally, correlations were calculated for the two synchrony subscores that indicated the extent to which the patients imitated and were imitated by their interaction partners. As indicated above, the main goal of this study was to explore the relationships of synchrony with symptom factors. Adjusted significance levels based on false decovery rate (FDR) control procedures [71, 72] were provided for the main analysis, relating synchrony with symptom factors. Additionally, detailed results including correlations with single symptom scores and subscales of social measures were provided. Adjusted signifance levels were also reported for relationships between synchrony and these variables. However, due to the small sample size, these results and all correlations between variations of the head movement parameter (percentage of movement, residual synchrony correcting for movement, sychrony based on patient imitating vs. sychrony based on patient being imitated) are exploratory. These results are reported to provide directions for further research. SAS (Version 9.3) and JMP statistical software (Version 10, SAS Institute, Cary, NC) were used for the statistical analysis.
Results

Synchrony versus Pseudosynchrony
The comparison of genuine synchrony to pseudosynchrony indicated that the phenomenon of nonverbal synchrony was present at a highly significant level and with a medium to high effect-size (t = 4.91, p < .001, Cohen's d = 0.7, n = 27). The amount of nonverbal coordination thus clearly exceeded the levels one would expect if the coordination was only due to chance.
Correlations Between Nonverbal Synchrony and Symptom Factors
Head synchrony was weakly correlated with amount of movement (r = .25, n.s.), indicating that, importantly, neither measure was redundant. Head synchrony was similar in male and female patients (t = 0.27, n.s., Cohen's d = 0.13, n = 27), and it was correlated weakly with age (r = .20, n.s.). Correlations between head synchrony and PANSS symptom factors are reported in Table 2 . Nonverbal synchrony showed significant negative associations with negative symptoms, the cognitive factor (including symptoms of disorganization), the depression factor, and total PANSS scores. The middle column of Table 2 provides correlations between patients' head movements and symptom scores [35] . Residual correlations between head synchrony and symptoms, corrected for the amount of patients' head movements, are reported in the third column of Table 2 . When correcting for head movement, residual head synchrony was still consistently related to symptom factors. Correlations between residual head synchrony and symptom factors ranged from -.32 to -.47, except for the excitement factor. Both head synchrony and residual head synchrony, but not patient's head movement, were significantly related to the cognitive factor. Negative symptoms were negatively correlated with imitation, whereas positive symptoms were positively correlated with being imitated. Relationships between all movement variables and symptoms were substantial.
Correlations Between Nonverbal Synchrony and Symptoms
To further explore relationships between head synchrony and symptoms, we calculated correlations of the two movement variables with the individual symptoms included in the five PANSS factors (Table 3) . Given the high number of correlations based on a relatively small sample size, the calculations provided in Table 2 should be considered exploratory. Consistent with the correlations between head synchrony and the symptom factors presented in Table 2 , moderate to strong associations between head synchrony and individual PANSS symptoms were observed. Relationships between symptom factors and synchrony remained significant in a number of instances, even when correcting for amounts of head movement (e.g., for symptom N1, "blunted affect" and symptom P6, "suspiciousness/persecution"). In the latter case, results suggested that suspiciousness was independently related to both reduced head movement and reduced synchrony of the movements. Other symptoms were specifically related to movement and less strongly associated with head synchrony (e.g., symptom N2 "emotional withdrawal").
Results suggested that head synchrony is selectively related to particular symptoms. Some relationships between head synchrony and symptoms differed considerably from the relationships between amounts of movement and symptoms. Lower synchrony was specifically related to conceptual disorganization (symptom P2 of the PANSS), and movement and head synchrony were not associated with difficulty in abstract thinking. Lack of judgment and insight (symptom G12 of the PANSS) were related to lower levels of head synchrony. Once again, differential relationships between symptom factors and the two components of synchrony were observed: "blunted affect," symptom N1, was negatively associated with imitation, whereas "grandiosity" was negatively related to being imitated. Patients with higher scores in negative symptoms did not imitate their interaction partners, while patients with high scores in positive symptoms were not imitated by their interaction partners. Table 4 summarizes the correlations between movement and coordination variables and social competence in the RPT. Social competence was rated by independent raters, who were unaware of any clinical data and results. Head synchrony was significantly related to the global score for the RPT, nonverbal social skills, and gaze/eye contact. Correcting for head movement, associations remained significant or tended to be significant. Again, there were indications of specific associations between head synchrony and social skills. Head synchrony was specifically associated with gaze and eye contact, and to some extent, meshing/latency but not to speech duration. The global score of social competence was considerably associated with patients' being less imitated by their interaction partners.
Correlations Between Nonverbal Synchrony and Social Competence and Functioning
Detailed reports on social impairment, based on observations of family or professional informants using the DAS-M scale [60] , were available for 21 of the 27 patients (Table 5) . Relationship remained significant with α = 0.05 after applying the Benjamini and Yekutieli false discovery rate (FDR) control procedure [70] for k = 6 pairwise tests. c Head movement = proportion of time moving (patient)
d Head synchrony corrected for the amount of head movement † P < .1.
* P < .05. ** P < .01.
doi:10.1371/journal.pone.0145882.t004 Relationship remained significant with α = 0.05 after applying the Benjamini and Yekutieli false discovery rate (FDR) control procedure [70] for k = 12 pairwise tests. c Head movement = proportion of time moving (patient) † P < .1.
* P < .05. ** P < .01 *** P < .001.
doi:10.1371/journal.pone.0145882.t005
There was no indication of any association between raw amounts of head movement and social impairment in any of the DAS-M scales (see second column); therefore, no residual relationships were calculated. Head synchrony correlated negatively with impaired general social adaptation (r = -.36, p = .11, n = 21). The subscales of the DAS-M showed similar associations between head synchrony and social impairment. Impaired "motivation to work," subscale 2-7 of the DAS-M, showed the strongest negative association with head synchrony (r = -.48, p = .03, n = 21). In addition, there was no indication of any association between amount of movement and social impairment in any of the DAS-M scales. Social impairment, as measured by the DAS-M, was strongly negatively associated with being imitated (i.e., the tendency of interaction partners to imitate patients' movements).
Correlations Between Nonverbal Synchrony and Cognitive Variables
There was no association between head synchrony and full scale IQ of the WAIS intelligence test (r = .09, p = .68, n = 25). Neither amount of movement nor head synchrony was associated with verbal or performance IQ in the WAIS. However, head synchrony was associated with performance in the WAIS digit span test (r = .53, p = .006, n = 25). Digit span assesses aspects of attention and short-term verbal memory. Head synchrony was associated with the total score for the FSKN, assessing beliefs regarding competence in diverse domains of daily functioning (r = .42, p = .03, n = 26). Head synchrony was not correlated with the SVF total score, but correlated negatively with a self-assessment of "negative coping" in the SVF questionnaire (r = -.37, p = .05, n = 27). Negative coping refers to an evasive and ruminative style of coping with challenging situations [73] .
Discussion
We examined the importance of head synchrony emerging during social interaction of patients with schizophrenia and healthy interactants. Specifically, using video recordings of role-play tests, the relationships between head synchrony and patients' symptoms, as well as other signs of the disorder, were analyzed. Results showed that lower head synchrony between patients and their interactants was indicative of patients' symptoms (negative symptoms in addition to conceptual disorganization and lack of insight, as assessed using the PANSS), low social competence, impaired social functioning, and patients' low self-evaluation of competence. These relationships remained significant even when correcting for the relative amounts of patients' head movement, suggesting that head synchrony provides additional and specific information regarding patients' functioning over and above psychomotor retardation. Generally, head synchrony was more strongly associated with symptoms and other variables than patients' extent of head movement alone. Exploratory calculations suggested that the direction of nonverbal synchrony (patient imitating vs. being imitated) was differentially related to several symptoms and specifically related to social functioning. Reduced synchrony, based on a lack of patients' imitation of their interactants, was related to negative symptoms, whereas a lack of imitation of patients by their interactants was related to the positive symptom factor. The latter reduction in imitation was most strongly associated with impaired social functioning, particularly in domains where social interaction is crucial (communication, household functioning, and sexual role functioning).
Further calculations suggested that head synchrony was not generally associated with indicators of cognitive deficit. However, an association was observed between reduced synchrony and verbal short-term memory, which is congruous with the association between reduced head synchrony and conceptual disorganization. Overall, the exploratory calculations gave a consistent picture of associations between head synchrony and symptoms, cognition, and social functioning was observed, supporting the notion that head synchrony may in fact indicate and differentiate core deficits in social functioning.
Particularities of synchrony in patients with schizophrenia
Nonverbal synchrony is a facet of social interaction with a complex set of determinants [41] . Results in this sample of schizophrenia patients suggested that reduced nonverbal synchrony was related to two larger domains of functioning and symptoms: Nonverbal synchrony may be compromised by affective and motivational problems, which are often associated with overall impairments in motor activity [74] , and more specifically with changes in e.g. nonverbal expressivity [75, 76] , and the presence of negative symptoms [35] . Additionally, as suggested by the analysis of residual synchrony, synchrony may be reduced by cognitive problems, with conceptual disorganization and deficits in short-term verbal memory as prominent markers of impairment.
The most notable finding of this present study was the specific association between patient's imitation of the interactant and the patient being imitated by the interactant: Imitating and being imitated reveal separate aspects of nonverbal interaction, namely a differentiation into the two categories of imitating the healthy participant and being imitated by the healthy participant. In this sample, patients' negative symptoms were associated with less imitation occurring on patients' side. Such a lower level of imitative behavior could be explained either by deficits in their decoding of nonverbal information-patients are unable to "register" nonverbal cues, or, by deficits in the expression of nonverbal information-patients are unable to "react to" nonverbal cues of others. Experimental research mainly confirms the latter: Patients with negative symptoms perform worse regarding their expressive behavior [18] . Moreover, they perform worse in empathic accuracy, implying that the tracking of emotional states of others is impaired [77] . For positive symptoms, patients' reduced social functioning was associated with less imitation occurring on the healthy participants' side: This lower level of being imitated could be explained by deficits in encoding nonverbal information-patients are unable to "send" adequate nonverbal cues. The inadequacy might be due to inappropriate or deviant amounts of nonverbal behavior, resulting from psychotic states of mind. Our own previous study hints at the latter: Patients suffering from positive symptoms generally displayed higher amounts of head movement [35] .
In other words, depending on their symptomatology, patients either weren't able to react to nonverbal behavior themselves (they didn't imitate), or they displayed abnormal nonverbal behavior, that their interaction partners didn't react to (they weren't imitated). Such a distinction has not yet received a lot of attention in the literature, because the majority of studies have focused on the patient as the object of investigation and not on the dyad or group as an entity. The differential associations described above point to an important facet inherent in social nonverbal behavior: The behaviors displayed should better not be analyzed in isolation, because important facets of nonverbal behavior only emerge in the course of multiple individuals' interaction. A similar conclusion has been reached in an experimental study comparing empathic accuracy in schizophrenia patients, which provided evidence for reduced empathy in patients [77] . The exact mechanism of the differential reduction described in this study should be clarified in future research; the reduction of imitation by interactants has already been demonstrated in experimental research [21] .
Various sources have suggested that the lack of synchrony in schizophrenia patients may be a crucial factor influencing their performance in social behavior [4, 12, 13, 21, 22] . The associations between lower synchrony and lower social functioning reported here, are in line with recent work on the experimental variation of intentional social coordination [21, 74] in an experimental setting [22] , and with unintentional social coordination in a triadic setting involving one patient and two healthy interactants [36, 53] . Our distinction of imitating and being imitated provides further data to the list of possible obstacles arising in nonverbal communication of schizophrenic patients [78, 79] .
Possible Applications
To our knowledge, the present study is one of the few studies using video-based objective quantification of synchrony in dyadic social interactions of patients with schizophrenia. The central role of this characteristic for social functioning makes it a prime target for future interventions: It has already been shown that the deliberate aspect of this property may be susceptible to e.g. subliminal priming [21] and later lead to a better relationship quality with an interaction partner. The differential pathways leading to the patterns described above should be explored further, as they have implications for therapeutic interventions aimed at increasing social functioning in patients with schizophrenia. Our results corroborate the behavioral treatment rationale increasing both decoding/perception and encoding/expression in patients with negative symptoms, which is done in e.g. IPT treatments [80] . Furthermore, these results are congruent with cognitive treatment approaches for cognitive symptoms [81] . In these approaches, cognitive processes underlying distorted processes of perception and behavior are targeted.
Limitations
Given the small sample size, the relationships between head synchrony and the five symptom domains of the PANSS may be understood as the main result of the present study; additional relationships reported should be considered exploratory. The short, more restricted, and experimental nature of the role-play interactions used in the present study is different from nonscripted social interaction. It is possible that the nature of the role-play tests allowed for less interactional adaptation [3] . Given the unavailability of a reference group of healthy interactants, we applied a bootstrapping approach [70] to compare the general levels of synchrony to the levels of synchrony one would expect to observe by chance. This comparison revealed that nonverbal synchrony was clearly distinguishable from random coincidence. The attained effect-size of d = 0.7 lies within the range previously found in other interaction settings: Effectsizes for psychotherapy dyads [41] were lower (0.5 to 0.6) whereas discussions between healthy students resulted in higher scores (0.7 to 1.2) [48] . The lower effect-size found in psychotherapy likely reflects the fact that psychotherapeutic interactions are much less structured in comparison to the role-plays employed here and to the socio-political discussions between healthy students.
This implies that the use of staged role-play interactions may be both a limitation and an asset of the present study. It limits generalizability to less structured social interactions such as unscripted social encounters or the less predictable flow of verbal exchange in psychotherapy. However, the high degree of standardization, which make such role play interactions powerful, reliable, and valid tests [57] , may also have been helpful for identifying the observed relationships. The present study is based on data originally collected in a study on the rehabilitation of patients with schizophrenia [73, [82] [83] [84] . Accordingly, the patient group was restricted to a relatively stabilized group of patients with schizophrenia. A wide variety of measures from the original study, including measures of social functioning, were reported in order to provide a comprehensive description of the patients. Furthermore, this facilitated the identification of possible associations between nonverbal synchrony and social and cognitive functioning.
Future Research
In further research, analysis of nonverbal synchrony and imitation should be complemented by measures of social cognition to explore relationships between nonverbal synchrony and social information processing. On a neurophysiological level, the association of nonverbal synchrony with alterations in the brain regions and circuits involved in the human mirroring system [12, 85, 86] provides promising targets. Intensified research on nonverbal synchrony, as researching movement patterns in general [14, 16] , may have additional appeal for translational research on mental disorders, due to the pervasive importance of movement and socio-communicative movement patterns in humans and animals. Research on nonverbal synchrony may help to integrate currently distant concepts, such as Bleulers' "autism" in schizophrenia [29] or Rümke's "praecox feeling" [27] , with research on social cognition or the mirroring system's contribution to schizophrenic disorders. In this way, quantitative research on nonverbal behavior in schizophrenia may help building bridges between clinical knowledge and basic research.
